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The Assessment of Thyroid Hormone Levels in
Term and Preterm Infants Diagnosed with Transient
Tachypnea of the Newborn: A Cross-Sectional Study
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Abstract

Aim: The study aims to evaluate the effect of thyroid hormone levels on the development of transient tachypnea of the newborn (TTN)
and neonatal outcomes in preterm and term infants during hospitalization.

Methods: Eighty-seven newborns with gestational age =34 weeks admitted to neonatal intensive care unit (NICU) between January
2016 and December 2019 were enrolled in our retrospective study. The hospital database system and patient files were scanned
for data collection. Infants were divided into three groups (late preterm, early term, and term). Maternal features and demographic
characteristics, thyroid hormones, neonatal outcomes during hospitalization of newborns with TTN were recorded.

Results: The mean T4 level was 1.51+0.33 ng/dL and the median thyroid-stimulating hormone (TSH) level was 3.1 mIU/L. Among 87
infants, 21 were late-preterm, 41 were early-term, and 25 were term infants. There was no difference in the mode of delivery, gender,
need, and duration of mechanical ventilation, and non-invasive ventilation or O, therapy. The mean fT4 level was 1.35£0.29 ng/dL in
late preterms 2.5+2.1 ng/dL in early terms and 1.56+0.25 ng/dL in term infants. Late preterms had a lower fT4 level than early term
and term groups which was statistically significant but no difference was present between subgroups in TSH levels.

Conclusion: Evaluation of thyroid function should be considered especially in preterm babies hospitalized to NICU because of respiratory
distress for an individualized approach if treatment is needed.
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Introduction results in alveolar fluid clearance (5). Na+/K+-ATPase and
epithelial Na channels play a major role during this process
(6). At birth, amiloride-sensitive sodium is transported
via passive movement from the lumen to the alveolar
epithelial cells through and sodium is extruded from the
cell across the basolateral membrane to the interstitium
by Na+/K+-ATPase. By those movements, an osmotic
gradient is generated and pulmonary fluid passively

Transient tachypnea of the newborn (TTN) is described
as a benign, respiratory condition mostly in late preterm
and term newborns. Even though TTN is a self-limiting
and spontaneously resolves within 48-72 hours in the
majority, occasionally there is a need for hospitalization
in the neonatal intensive care unit (NICU) and may cause

morl?idities like hypoxemia, pulmonary air Ieak.syndrome, passes through the intercellular space (7-9). Hormones like
persistent pulmonary hypertension, and mortality (1-3). glucocorticoids, thyroid hormones, and catecholamines

The main underlying pathology is delayed reabsorption have a regulatory effect during the activity of sodium
of lung alveolar fluid and failure of the lung to expand absorption which happens just before or in the course of
which is crucial for the transition from placental to delivery (6). Hypothyroidism has an inhibitory effect on
pulmonary gas exchange (4). During the postnatal fetal lung fluid resorption in utero (10). Preterm newborns
respiratory adaptation, alveolar epithelial cells take place in have low levels of both total and free thyroxin which rise
the transport of active solutes creating osmotic gradients by gestational week and are found in higher levels than
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fetal concentrations after postnatal 4 to 5 days with the
surge of thyroid-stimulating hormone (TSH) (11,12).

Although risk factors for TTN are well established in the
literature, there is limited knowledge about the effect of
thyroid hormones on the development of TTN in preterm
and term infants. Several studies are reporting the fT4 and
TSH levels in preterm and term infants with TTN but there
is limited information about neonatal outcome during
hospitalization. So we aimed to evaluate thyroid functions
related to neonatal outcomes among term and preterm
newborns diagnosed with TTN who were admitted to our
NICU (11,13-16).

Methods

Study Design

Newborns with gestational weeks (GW) above 33
weeks who were hospitalized to our NICU between
January 2016 and December 2019 were enrolled in our
retrospective study. A total number of 4450 newborns
were born in our hospital during this study period and
618 babies were admitted to our NICU. Among these
babies, 106 infants were diagnosed with TTN, 19 of them
were excluded because of incomplete data for thyroid
hormones and finally, 87 infants were included in the
study. These 87 infants were divided into three subgroups
and comparatively analyzed (late preterm-n; 21, early
term-n; 41 and term-n; 25) (Figure 1) Hospital database

Number of newborns who were born during study period

(n=4450)

}

Number of newborns admitted in NICU

Figure 1. Flow diagram of the study
NICU: Neonatal intensive care unit, TTN: Transient tachypnea of
the newborn

(n=618)
. l J
( 7\
Number of newborns diagnosed with TTN
(n=106) J—
& J ! Incomplete data
i
i i (n=19)
( . J
Study group | TTmmmmmmmmmmmmmmeees
(n=87)
-
v
Early term Term
(n=41) (n=25)

217

system and patient files were scanned for data collection
and data on maternal features such as maternal age, parity,
birth weight, gender, GW, the mode of delivery, Apgar
scores (1°t and 5" minute), need of oxygen or mechanical
ventilation support, length of hospital stay, mortality and
fT4 and TSH levels were recorded. Congenital metabolic
disorders, pneumothorax, early-onset sepsis, hypoxic
ischemic encephalopathy, major congenital anomalies, and
congenital hypothyroidism or received thyroid hormone
therapy were our major exclusion criteria.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee
and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. This article
does not contain any studies with animals performed by
any of the authors. Ethical clearance was obtained from
the Ethics Committee of Haseki Training and Research
Hospital date and report number: 08.07.2020 - 2020-143.

Neonatal Features

Three subgroups were determined for newborns
in accordance with the GW. Late-preterm newborns
included babies who were born between 34 to 36+6
weeks, early-term newborns included babies from 37
to 38+6 weeks and term newborns from 39 to 41+6
weeks. GW was determined according to the beginning
of the mother’s last menstrual period or first-trimester
ultrasonography. TTN diagnosis was established according
to both clinical and laboratory criteria: 1) presence of
tachypnea (respiratory rate >60 breaths/min, retractions,
nasal flaring, grunting, cyanosis) for minimum of 12
hours, 2) supplemental oxygen support for minimum of
6 hours, 3) radiological findings of TTN (increased central
vascular structures, widened interlobar fissure, increased
in both hemithorax and flattened diaphragmatic domes,
4) exclusion of pulmonary problems (respiratory distress
syndrome, meconium aspiration, congenital pneumonia or
heart disease, and other conditions leading to tachypnea
such as hypoglycemia, hypocalcemia, polycythemia), in
newborns who admitted to NICU (2).

Blood samples were routinely taken for fT4 and
TSH levels via venipuncture within postnatal 72 hours
in our unit for the newborn metabolic and endocrine
disease screening program. Electrochemiluminescence
immunoassay system was used to measure levels of fT4
and TSH. TSH reference range was 0.38-5.33 mIU/L and
fT4 reference range was 0.61-1.12 ng/dL.

Statistical Analysis

Results were analyzed with SPSS (Statistical Package
for the Social Sciences, version 20 software) statistical
program. The descriptive statistics are described with
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mean * standard deviation for normally distributed
variables and median values (25"-75" percentile) for non-
homogeneously distributed variables, and as a frequency
(percentage) for categorical variables. The conformity of
variables to normal distribution was assessed using visual
(histogram and probability graphs) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk  tests). For multiple
group comparisons of categorical variables, the chi-square
test was used when the chi-square condition was met and
Fisher’s exact test was used when the chi-square condition
was not met. In multiple group comparisons of numerical
variables, the analysis of variance (ANOVA) test was used
for normally distributed numerical variables, and the
Kruskal-Wallis test was used for non-normally distributed
numerical variables. In the post-hoc analysis, the Mann-
Whitney U test with Bonferroni correction was used for
sub-group analysis of non-normally distributed variables,
and the chi-square test with Bonferroni correction was
used for sub-group analysis of categorical variables.
Statistical significance was considered as p<0.05.

Results

The mean GA of allinfants was 37.5+1.5 weeks and the
mean birth weight was 3041+507 g. The mean T4 level
was 1.51+0.33 ng/dL and the median TSH level was 3.1
[interquartile range (IQR) 1.8 to 4.7] mIU/L. Demographic
characteristics, maternal features, and neonatal outcomes
of all infants and comparison of three subgroups are given
in the Table 1.

Among 87 infants, 21 (24.1%) of them were late-
preterm, 41 (47.1%) of them were early-term, and 25
(28.7%) of them were term infants. The mean gestational
week and birth weight of late preterm, early term, and term
newborns were respectively 35.4+0.6 weeks, 37.5+0.5
weeks, 39.4+0.7 weeks and 2631+£288 g, 3081+£521 g,
33204410 g. There were statistically significant differences
in birth weight of the groups when subgroup analysis was
performed according to the gestational week and the
gestational week was significantly different between late
preterm and early term group. Neither mode of delivery
nor male gender was significantly different between the
three subgroups. No significant difference was found for
mechanical ventilation support and duration and non-
invasive ventilation or O, therapy. The mean T4 level was
1.35£0.29 ng/dL in late preterm infants, 2.5+2.1 ng/dL in
early term infants, and 1.56+0.25 ng/dL in term infants.
Late preterm newborns had a low fT4 level compared to
the other groups with a statistically significant difference.
The median TSH level was 2.98 mIU/L (2.22 to 3.92) in
preterm group, 3.29 mlU/L (1.88 to 5.85) in the term
term infants and 3.24 mIU/L (1.57 to 4.87) in term group.
No significant difference was found for TSH levels in
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subgroups. TSH and fT4 levels of all groups and subgroups
were given in the Table 2.

The median hospitalization duration was 9 days (IQR)
7 to 14.5 for preterm infants, 8 days (IQR 6 to 10) for
early term infants, and 8 days (IQR 5 to 10). No significant
difference was found for hospitalization duration among
the groups. No patient died in both three groups.

Discussion

We evaluated the thyroid hormone levels in total
number of 87 late preterm and term diagnosed with TTN.
Our study demonstrated that fT4 levels were significantly
lower in late preterms compared with early-term and term
newborns. During postnatal adaptation, fT4 and total T4
levels have low levels and as TSH has a rise within 4-5
days after birth, concentrations of T4 begin to increase
which is directly proportional to gestational age of the
newborn (12). Late preterm babies have physiological
immaturation so they tend to have more respiratory
adaptation problems that sometimes result in TTN as a
consequence of delayed transition from fetal life during
the postnatal period (13,17). Late preterm infants do not
have mature hypothalamic-pituitary-thyroid axis which
is assumed as a robust factor to adapt to life after birth
(18). This information supports our major finding in the
study that lower fT4 values were detected in late-preterm
babies, similar levels between early term and term
newborns. In the literature, some studies reported similar
results as in our study. Kayiran et al. (14) evaluated thyroid
hormone levels in newborns with TTN, categorized by GW
and compared with healthy newborns. They reported that
fT4 levels of the newborns with TTN were significantly
lower in late-preterms than healthy babies and early-term
and term neonates with TTN had higher TSH levels (14).
Atasay et al. (15) also studied cord blood TSH, free T3
(fT3), T4, cortisol, epinephrine, and adrenocorticotropic
hormone in the newborns having TTN and compared to
the healthy group. There was no significant difference for
both fT4 and TSH levels was significantly different but
newborns having TTN had significantly lower fT3 levels.
No significant difference was found between groups
for TSH levels in our study and fT3 levels could not be
evaluated since the study was designed as retrospective.

Several previous studies reported the relation between
thyroid hormones and respiratory diseases. The study
of Paul et al. (19) showed that there was an important
relationship between low fT4 and severity of disease
after birth. Low fT4 levels were found to be related to
increased respiratory disease in late preterm babies
(19). We found no significant difference in respiratory
morbidities among late preterm and term infants. Lim et
al. (20) evaluated thyroid function including total T4 and



Ataoglu et al. Evaluation of Thyroid Functions in Transient Tachypnea of Newborn

TSH but not the bioavailable form as fT4 in term infants
who were mechanically ventilated in their retrospective
study. Biswas et al. (16) reported lower levels of fT4 in
mechanically ventilated preterm infants who were born
<30 GW. Vanhole et al. (21) also found that low thyroid
related with worse neonatal
outcomes. Although late preterm infants have lower T4
levels than term infants, we did not find any difference in
need and duration of invasive or non-invasive mechanical

hormone levels were

In several studies as cesarian section is found as one
of the leading risk factors for the development of TTN
(22-24). There was no significant difference in the mode
of delivery between groups in our study and cesarian
section was not found related to the development of TTN
similar to the studies of Kayiran et al. (14) and Zanardo
et al. (25). Same findings were available for the relation
between male gender and TTN among groups. There was
no difference in gender for late preterm and term infants.

ventilation, hospital stay, and death among late preterm

and term newborns.

Table 1. Demographic characteristics and neonatal outcomes of the newborns

. All patients Late preterm Early term Term
GIETEHEELR (n=87) (n=21) (n=41) (n=25) P
Demographic information
Maternal age (years), mean + SD 28.0£6.9 26.846.3 28.5£7.3 28.2+6.6 0.750
Gravida, median (IQR 25-75) 2 (1to3) 2 (2-3) 2 (1to3) 2 (1to03) 0.619
nM/‘f\‘d;%o)f el | e 54/87 (62.1) 11/21 (52.4) 29/41 (70.7) 14/25 (56) 0.286
Gender, n/N (%) | Male 54/87 (62.1) 13/21 (61.9) 25/41 (61) 16/25 (64) 0.970
(SESEinElegs - 37.5+15 35.4:0.6 37.5:0.5 39.4:0.7 <0.0012®
(week), mean + SD
B el () 3041507 26314288 30814521 3320£410 <0.001% b
mean + SD
oH, median (IQR 25-75) 7ol g |7 (2 7.31(7.28 10 7.35) | 7.31 (7.257.34) | 0.756
7.35) 7.34)
Cordlblood gases ;Ef;xcess' el ({2 3.1 (6.310-1.5) | 3.1 (5.1 t0-1.0) [ -3.0 (6.4t0-1.7) | -3.40 (7.0 t0-1.6) | 0.848
Bicarbonate, mean + SD 20.24£3.3 20.4+£0.7 20.1£2.9 20.1+£3.8 0.562
Lactate, mean + SD 2.1£16 1.5£1.3 2.07+1.4 2.6£1.9 0.162
APGAR 1*“minute, median (IQR 25-75) | 8 (7 to 9) 8(7t09) 8(7t09) 8(6t09) 0.509
scores
5"-minute, median (IQR 25-75) | 9 (9 to 10) 9 (9 to 10) 9(9to 10) 9 (8.5to 10) 0.773
Need of MV, n/N (%) 8/87 (9.2) 3/21 (14.3) 2/41 (4.9) 3/25 (12) 0.410
Duration of MV, mean + SD 2.342.1 1.33£0.57 2.542.1 3.343.2 0.607
Need of NIMV, n/N (%) 40/87 (46) 14/21 (66.7) 15/41 (36.6) 11/25 (44) 0.08
Respiratory status " .
Dzt @i MR, st (0 | o )0 o 1.5 (1-3) 2(1t02) 1(11t02) 0.750
25-75)
Duration of oxygen therapy,
median (IQR 25.75) 2(11t03) 2 (1-3) 2 (1-3) 1(1-2) 0.448
Length of stay at hospital
; 8 (610 10 9 (710 14.5 8 (610 10 8 (51010 0.137
Outcome, n/N (%) | (days), median (IQR 25-75) ( ) ( ) ( ) ( )
Dead, n/N (%) 0/87 (0) 0/21 (0) 0/41 (0) 0/25 (0) 1

aDifferent from Late Preterm + Early Term; ®Different from Late Preterm + Term group; “Different from Early Term + Term
IQR: Interquertile range, C/S: Cesarian section, MV: Mechanical ventilation, NIMV: Non invasive mechanical ventilation, IQR: Interquartile range, SD: Standart deviation

Table 2. Thyroid hormone levels of the newborns

e EEE All patients Late preterm Early term Term

(n=87) (n=21) (n=41) (n=25) P
fT4 (ng/dL), mean + SD 1.51+0.33 1.35+0.29 2.5%2.1 1.56+0.25 0.024%°
TSH, (mlU/L), median (IQR 25-75) 3.1(1.8t04.7) 2.98 (2.22 t0 3.92) 3.29 (1.88 -5.85) 3.24 (1,57 t0 4.87) | 0.678

*Different from Late Preterm + Early Term, "Different from Late Preterm + Term group

fT4: Free Thyroxin 4, TSH: Thyroid stimulating hormone, SD: Standart deviation, IQR: interquartile range
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Study Limitations

This study has some limitations. Our study was a single-
center study representing a small number of infants. We
could not compare with healthy infants since it was
designed as retrospective. Further prospective studies
with a larger number of infants are needed to make a
clear interpretation of the effect of thyroid hormones on
respiratory diseases, especially in infants.

Conclusion

Preterm newborns had different thyroid hormones
basically due to gestational age compared to term
newborns diagnosed with TTN in our study. Evaluation of
thyroid function should be considered especially in preterm
newborns who were hospitalized to the NICU because
of respiratory problems for an individualized approach if
treatment is needed.
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